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PARAMETERS IN THREE-COMPONENT SOLUTIONS* 
By 
J. KUSBA ' 
Institute of Physics, Technical University, Gdansk, Poland 
The results of two methods of-determination of non-radiative excitation energy transfer para-
meters in three-component solutions are presented. The first method is based on the theory of 
BOJARSKI and DOMSTA and the other on the conception given by KETSKEMETY and SHIBISTYI . The 
results obtained are discussed below. 
Introduction 
As it has been shown in ref. [1—3], the shape of the fluorescence spectrum of a 
three-component solution can be theoretically described by taking into account 
the radiative and non-radiative excitation energy transfer between each particular 
component. In contradistinction to the radiative transfer, the quantitative determi-
nation of the role of the non-radiative transfer in three-component solutions is 
connected with some difficulties, namely with the necessity of introducing six ad-
ditional parameters whose values be determined experimentally. The first three para-
meters — K l t K2 and K3 denote the photoluminescence yield of each component in 
the solution, the other ones — K12, K13 and K23 are the yields of non-radiative ex-
citation energy transfer between these components. So far, two basic methods have 
been available [1—3] for computing parameters K. The aim of the present paper is 
to analyse the usefulness of these methods under experimental conditions. 
Method I 
Starting from the same considerations as in [4], we can show that in case of a 
three-component solution, for which the overlapping of the donors' absorption 
spectra and the acceptors' emission spectra do not occur, the following expressions 
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rjo; and C; denote here the absolute photoluminescence yields, as well as the con-
centrations of each particular component, and Coik is the critical concentration for 
'non-radiative energy transfer from the i-th to k-th components According to Forster 
[5]; 
Coat = 5-18 • 10~10-p=- [f ft(J.)ek(AP*dA~j~~* • 
where « is the refractive index of the solution, /¡(A) the true fluorescence quantum 
spectrum of the /-th component normalized to unity, ek(X) is the decimal molar 
absorption coefficient of the k-th component, and A is the wavelength of light. 
Function / (T) is determined by the equation: 
! 0 0 
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Parameters a0ik appear in expressions (1) arid (2) as a result of the assumption that 
a part of the acts of non-radiative energy transfer does not lead to reaching an 
electronic excited state by the acceptor. Ufider these conditions, the given aoik means 
the probability that during the non-radiative energy transfer from the /-th to the 
/c-th component quenching may not occur or, in other words, that the given act 
of transfer will be active. According to [6] we can thus put down*: 
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r\t (?) denotes here ratio of the absolute quantum yield of the fc-th component to 
its maximum value. 
* A more detailed discussion of the meaning of aolfc was given in [3]. 




In papers [1] and [3] it has been shown that under appropriate geometrical 
conditions the shape of the directly measured fluorescence spectrum B(X, /.') of. 
the three-component solutions can be described by the following expression: 
• r 
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where X a n d - d e n o t e the wavelengths of the excited light and the luminescence 
observed, С(A, / ' ) is a certain expression depending on the absorption and geometric 
relations in the sample, quantities 77; (A) are effective quantum yields of each com-
ponent, and parameters %ik describe the radiative excitation-energy transfer between 
those components, щ (A) as well as xik depend in a certain way [1] on parameters K. 
In paper [1] KETSKEMETY and SHIBISTYI suggested a method of computing the para-
meters based on the total agreement of expression (5) with the experimental results. 
Choosing three wavelengths of observation X[, /.2 and A3 respectively, and putting 
the values of experimental results at these points into Eq.. (5), we can obtain three 
mutually independent equations for v a l u e d . The remaining three equations for 
calculating all the six parameters К are the connections obtained by the above-
mentioned authors from the considerations referring only to the non-radiative excita-
tion-energy transfer in solution: • 4 . 
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Two of the obtained equations are equations with one unknown and we can easily 
compute from them parameters Kx and K3. In paper [1], however, no way for solving 
the system of the remainig equations is given. 
In the present work we have applied the least squares method to nonlinear 
functions in order to achieve the aim. The agreement between the observed and 
calculated spectra is given by. a function: , 
ф - / ! + / ! , 
where fk=B(X, X£)obs —B(A, X'k)catc Values X2 and X'3 correspond to the second 
and third luminescence maxima. The essence of the applied method lies in finding 
values K12, K13, K2 and K23 for which function Ф reaches a minimum. In the case 
discussed it is sufficient to find only two of the four parameters given here (e.g. 
K12 and K2) because the. others can easily be calculated from the system of equations 
v 
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(7). In order to find the position of the minimum of function 4>, after a slight modi-
fication, we applied the method of numerical iteration described by STONE [7] in 
which (after introducing denotations x=K12 and y=K2) the iteration step in 
the (m + 1 )-th convergance cycle is : 
where P determines the length of step along the scaled gradient. Usually each iteration 
was commenced with p = 1 and if the step was divergent, p was being halved 
progressively until convergence was obtanied. 
The effectiveness of the first of the described methods of finding parameters 
K was investigated earlier [3] on two systems of three-component solutions. The first 
system was 7-diethylamino-4-methylcoumarin (DMC), 3,6-diamino-10-methyI-
acridinium chloride-hydrochloride (DMA) and rhodamine 6G (R6G), and the second 
system (II) DMC, R6G and cresyl violet (CV). In both cases ethyl alcohol with a 
6 per cent acetic acid was the solvent. In system I the concentration of DMC and R6G 
was C 1 =C 3 = 5 • 10~4 M/l and concentration C2 of DMA was changing from 10"5 
to 10 -2 M/l. Similarly, in system II the concentration of MDC and CV was constant, 
C! = C 3 =5 • 10 - 4 M/l and concentration C2 of R6G was changing from 10 - 5 to 
2 • 10 - 3 M/l. 
In Figs. 1 and 2 are presented the values of parameters, AT for these systems were 
computed based on Eqs. (1) and (2) vs. concentration of th second component. 
In case of system I, it turned out that the processes of non-active transfer had a 
ym+l=ym-P 




Fig. 1. Values of parameters K for system I computed 
from Eqs. (1) and (2) vs. concentration of D M A 
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strong influence on values K. This fact is illustrated in Fig. 1 by dashed lines which 
denote the values of Eqs. (1) and (2), obtained at the assumption that all the values 
aoik are equal to unity. In case of system II, the influence of non-active transfer on 
values K was so small that is could be neglected. The computations of the photolumi-
nescence spectral shapes of the above mentioned solutions — carried out on the 
basis of the of parameters Á"found in this way — have shown good agreement (within 
the limit of several per cent) with experimental results. 
In Fig. 3, the results of the successive approximations of values K12 and K2 are 
presented on the basis of method II. It is done on one of the solutions of system II, 
with the concentration of the second component C 2 =5 • 10 -4 M/l. Moreover the 
successive values of function <P are also placed in the same scheme. The computations 
C2[M/L] 
Fig. 2. Values of parameters K for system II computed 
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Fig. 3. Results of parameters K12 and K, computed by method 
II for a solution of system II 
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have started from values K12 and K2, obtained from Eqs. (1) and (2). It an be seen 
from the Figure that, with the progressing computations, values K12 and K2 go suc-
cessively farther and farther away from the initial values, and K12 becomes even larger 
than unity. It can be proved that above the 250-th iteration the value of Ф corres-
ponds in each particular maximum of the spectrum to a more than 4 per cent of 
the measured spectrum with the computed spectrum. At the same time, even a rough 
estimation allows to state that, because of a great number measured quantities, the 
value of the experimental error of finding/2 and fa is bigger than 5 per cent. Thus we 
should consider that each value of K12 and K2 obtained after the 250-th interation, 
satisfies Eq. (5) in a satisfactory way. As seen in Fig. 3, it leads to a great divergence 
in the process of finding parameters K. Similar results were achieved applying method 
II to the other solutions of system I, as well as of system II. Apart from large C2 
concentrations in system I, we could not achieve a better than 25 per cent agreement 
of the measured spectrum with the computer spectrum in each particular maximum. 
It must have been connected with the presence of a strong non-active transfer which 
had not been taken into account in the system of Eq. (7). 
As it can be seen in case of investigating two series of three-component solutions, 
applying method II to find the parameters of non-radiative excitation energy transfer 
has not given any satisfactory results. For that very reason, we should well appreciate 
the good results of applying method I. ' 
•js" ^ 
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К ОПРЕДЕЛЕНИЮ ПАРАМЕТВОР БЕЗЫЗЛУЧАТЕЛЬНОГО 
ПЕРЕНОСА ЭНЕРГИИ ВОЗБУЖДЕНИЯ В ТРЕХКОМПОНЕНТНЫХ РАСТВОРАХ 
Й. Кушба 
Сравнены результаты двух методов определения параметров беззлучательного переноса 
энергии возбуждения в трехкомпонентных растворах. Первый метод основан на теории 
Б о я р с к о г о и Д о м с т ы , а второй на концепции К е ч к е м е т и и Ш и б и с т о г о . Приводится 
обсуждение полученных результатов. 
